B L. The validity of a short food frequency questionnaire and its ability to measure changes in food intake: A longitudinal study . International Journal of Epidemiology 1996; 25: 1023-1029. Background. In studies of health behaviour exploring factors associated with differences and changes in eating patterns of populations, diet is often measured with short food frequency questionnaires (FFQ). This study examines the validity of a short FFQ by comparing frequencies of food intake from the FFQ to information on food intake obtained by a diet history interview. Methods. Food intake was measured at two separate occasions in the same 329 individuals, first in 1987-1988 and 6 years later in 1993 -1994 . Results. In 1987-1988 the Spearman correlation coefficients were around r = 0.50 for most foods, with white and dark ryebread and light bread as extremes on the one hand (r = 0.10, r = 0.23 and r = 0.27, respectively) and coarse bread, fruit and cakes as extremes on the other (r = 0.61, r = 0.60, r = 0.60, respectively). In general, the correlations were higher at the second data collection in 1993-1994. At both data collections, the mean food intake from the diet history interview increased with increasing frequency category, indicating that the questionnaire was able to identify levels of food intake correctly. In general, when individual changes in food intake were assessed during the study period, those who reported a less frequent intake by the FFQ in 1993-1994 compared with 1987-1988 also had a lower mean daily intake according to the diet history information. Conclusion. The short FFQ can quantify food intakes and, is also responsive to changes in food intake over time. Thus the short FFQ can be used to monitor changes in food patterns at a group level.
In studies of health behaviour exploring factors associated with differences and changes in eating patterns of populations, diet is often measured with short food frequency questionnaires (FFQ).
1 " 3 FFQ have been used as an epidemiological tool for several decades. 4 ' 5 Most FFQ have been shown to perform well in ranking subjects by nutrient intake, 67 but only a few studies have assessed their ability to measure consumption of individual food items. 7 ' 8 Furthermore, only one study has examined the responsiveness of an FFQ to changes in dietary habits over time, and this was done in an intervention study among postmenopausal women.
Accurate measurement of intake of foods is important. First, food and not nutrient intake are outcome measures in studies which describe eating patterns. Second, foods may be independently related to disease outcomes where non-nutritive components are risk factors for disease. Third, adherence to dietary recommendations would be better, and easier to monitor, if the recommendations were formulated in terms of foods.
The present population-based study examined the validity of a short FFQ by comparing measurements of food intake from the FFQ to information on food intake data, obtained from a diet history interview. This was done by comparing food intake, and change in food intake, on two separate occasions, in the same 329 individuals, first in 1987-1988 and 6 years later in 1993-1994.
METHODS
The study included 552 Danish citizens aged 35, 45, 55 and 65 years, selected randomly from a larger population sample of 4581 subjects. All subjects were invited to a general health examination. Of the 552 subjects invited, 476 (86%) attended the health examination, and 79% of the original sample (435) agreed to participate in the study, and to give a diet history interview.
The study was a part of the Danish MONICA project and was carried out in collaboration with the Glostrup Population Studies in Copenhagen. The examination (GEN-MONICA) was carried out from December 1987 to November 1988.
After 6 years, 511 of the subjects originally sampled were alive and invited to a follow-up examination, which 365 (71%) attended. Of these 329 had also participated in the GEN-MONICA study.
An extensive questionnaire on socio-demography, lifestyle and health was submitted before the general health examination and the dietary history interview. The questionnaire included questions about how often 26 food items were consumed: The alternatives used in the frequency scale were as follows: never, once a month or less, a couple of times a month, once a week, a couple of times a week, once a day, a couple of times a day and four times or more daily. The same questionnaire was used by the WHO for monitoring food consumption patterns in the MONICA-project. 10 The method of data collection was exactly the same at the two examinations.
In 1987-1988 and 6 years later, the same trained dietician interviewed all the subjects about their normal diet by the diet history method. The diet was assessed based on information from the previous month, and average daily intakes were calculated from this information. Meal patterns, dishes and foods were explored by interview using a detailed pre-coded interview form. Quantities were explored by the use of food models, photo series, cups and measures. This instrument has been validated in another study." Nutrient calculations have been carried out with the DANKOST programme, which is derived from the Danish food composition tables. This database included 835 food items in 1988, but in 1991 it was extended and now comprises 1250 food items. In 1987-1988, participants gave information on diet intake based on 498 different foods, and in 1993-1994 1177 foods were recorded.
To obtain food intake measurements from the dietary history interview, that were comparable to those from the short FFQ, an attempt was made to match each of the 498 and 1177 foods coded at the first and second dietary interview, respectively, to one or more of the 26 items of the short FFQ. The coding was done by the same dietician who had collected the dietary information by interview. Some food groups in the short FFQ were added because the groups were not mutually exclusive (e.g. sausages included with meat for open sandwiches, and boiled vegetables included with raw vegetables).
Food intakes measured by the diet history method were not normally distributed. Correlations between the two dietary assessment methods were therefore assessed by Spearman rank coefficient at the first and second study, respectively. To assess further the ability of the short FFQ to rank groups of individuals by levels of food consumption, we calculated mean daily intakes from the diet history interview for people within the frequency categories on the questionnaire. The nonparametric Jonckheere-Terpstra Test for ordered alternatives, which corresponds to a Kruskal-Wallis test for trend, was used to test if the FFQ categories ranked the mean daily intakes in a specific order.
Changes between 1987-1988 and 1993-1994 in the intake of foods were analysed using the Wilcoxon test. Individual changes in food intake reflected by the FFQ method was estimated by subtracting the 1993-1994 score-value from the 1987-1988 value. Negative values indicated more frequent food intakes, zero meant no changes and positive values indicated less frequent food intakes. Individual changes in food intake associated by the diet history were analysed in the same manner. The correlation between the measures of individual changes in food intake was calculated for each food group, using a Spearman rank coefficient. Finally, mean changes in daily food intake from the dietary history were calculated for groups with positive, zero and negative values, by the subtraction of score values from the two FFQ.
Differences between these groups were tested by the Jonckheere-Terpstra Test. Tables 1 and 2 compare mean intake data of food items from the short FFQ and the diet history interview in 1987 -1988 -1994 , respectively. In 1987 -1988 the Spearman correlation coefficients were around r = 0.50 in most cases, with white and dark ryebread and light bread, as extremes on the one hand (r = 0.10, r = 0.23 and r = 0.27, respectively), and coarse bread, fruit and cakes, biscuits, as extremes on the other (r = 0.61, r = 0.60, r = 0.60, respectively) ( Table 1 ). The data were also analysed by gender (data not shown). Gender differences were relatively small, but vegetable margarine, sausages and meat showed stronger correlations in women than in men. For most foods, the mean dietary history values increased with increasing (48) 12 (1) 1 (10) 4 (10) 8 (13) 24 (11) 16 (125) frequency categories, indicating that the questionnaire was able to identify levels of food intake correctly.
RESULTS
Results for men and women were essentially the same (data not shown).
In general, the correlations were stronger at the second data collection in 1993-1994, with the lowest values for vegetable margarine, potatoes and meat (r = 0.32, r = 0.35 and r = 0.37, respectively), and the highest values for milk/yogurt, fruit and ice cream/soda (r = 0.75, r = 0.65, r = 0.63, respectively) ( Table 2) . Information on cheese was more strongly correlated in women than in men. The opposite was true for sausages and ice cream/soda. Mean dietary history values of food intake increased with increasing freqency categories in both sexes. From 1987 From -1988 From to 1993 From -1994 , mean daily intakes of fats, cheese, eggs, juice, vegetables, dark ryebread, light bread and candy decreased, while mean intakes of meat, fruit, white ryebread, coarse bread, pasta, cakes, jam and ice cream increased. Changes in mean intake of food items from the diet history interview were paralleled by similar changes in consumption frequency estimated by the FFQ. For most foods those who reported a less or a more frequent intake by the FFQ in 1993-1994, compared with 1987-1988, also had a lower or a higher mean daily intake by the diet history interview (Table 3) .
DISCUSSION
In the present population-based study we assessed the validity of food intakes measured by a short FFQ and examined how responsive this method is to changes in food consumption over a 6-year period.
Validity of the FFQ
We found that the consumption frequency of food items by the short FFQ was associated with the quantities reported by the diet history interview. For example in 1987-1988, actual mean intake of animal fats increased gradually from 5 to 32 g per day across the frequency categories. These results show, in accordance with earlier studies, 4 -12 that FFQ can be used to quantify food intake at a group level.
For nearly 60% of the food in the short FFQ, the correlation coefficients were greater than, or equal to 
-year changes in intake (g/day) of food items from diet history interview in relation to changes in frequency of intake reported in a food frequency questionnaire and Spearman correlation coefficients in 329 Danish men and women

Food groups
Changes in amounts of food eaten in relation to changes in food intake frequency (1988) (1989) (1990) (1991) (1992) (1993) Only non-significant (ns) P values (P > 0.01) are marked. r = 0.50. Thus, the correlations found in the present study are somewhat lower than those obtained in another study, which assessed the validity of a more extensive FFQ including some 100 food items, or more. 8 This FFQ was more detailed, and most of the comparisons with intake data performed in that study, were done for specific food items, such as for instance, oranges or strawberries. In contrast, the present short FFQ included mainly grouped food items, e.g. food items in which all types of fruit were grouped into one category. Indeed, the correlations we found for specific food items (e.g. pasta, rice, oatmeal and light bread) were similar to those reported earlier. 8 This, and previous studies, have shown relatively low correlations for bread, cereals and starches. One possible explanation is that these staple foods are consumed regularly by most of the population, and hence the use of correlation coefficients to evaluate questionnaire validity, is limited by the fact that the strength of a correlation is dependent on between-person variation in food intake, e.g. correlations will be strong for foods with a large between-person component of variation, and weak for foods with low between-person variation. This limits the generalizability of the correlations. Additionally, since participants may not be aware of the type of bread or margarine they eat (e.g. on open sandwiches), the relatively low correlations for the specific types of bread and margarine found in the present study may also be explained by a misclassification bias for these food items. Alternatively, individuals may have classified bread types in a way different from that of the dietician. Finally, the present FFQ grouped certain foods in very broad categories (e.g. meat). This may have led to less between-person variation and could explain the relatively weak correlations found for these foods. This limits the capacity of the FFQ in assessing diet-disease relationships for these food items, since such relationships are, in part, a function of betweenperson variation. For the more specific foods, the use of the present FFQ may be applied to other populations than Danes. However, some of the less specified food groups e.g. bread and meat for open sandwiches were adapted to fit the Danish food pattern and may not be useful in other countries.
The slightly better correlation coefficients found for most foods at the second study could be explained by an increased awareness of diet intake, acquired during participation in this longitudinal study on diet and health. However, the higher correlation coefficient may also be a consequence of the smaller number of participants at the second examination. Lastly, the larger number of food items may have made it easier to group food items.
Changes in Food Intake
We found that changes in frequency of the intake of food items were proportional to changes in the quantities eaten. These results are in agreement with an intervention study among 86 post-menopausal women with an increased risk for breast cancer, in which Kristal et al. 9 found that a short FFQ was as responsive, as multiple diet records, to changes in fat, and fat related dietary habits, during intervention. Furthermore, a number of other studies have examined the reproducibility of intake measurements for specific foods from dietary questionnaires. These studies are, however, not comparable with the present, as they were based on the assumption that diet does not change over time, 78 which this study, and food supply statistics 13 clearly show that it does. We find it unlikely that the changes over time in food intake revealed by the present study could be explained by differences in methodology. The data were collected at the same place, using the same questionnaire, by the same trained dietician. We cannot exclude, however, that an increased awareness of diet intake, or reporting acquired during participation in a study on diet and health, may, in part, explain some of the shown changes in food intake. In this context, however, it is worth noticing, that most changes were reflected by both dietary methods and were further supported by trends in consumption from supply statistics. 13 In summary, the present study shows that consumption frequency, and change in consumption frequency, assessed by a short FFQ, correlated well with intake data assessed by a diet history interview, suggesting that the FFQ may be used to quantify food intakes at group level. This may, in turn, make the FFQ a suitable tool in observational studies of food-related health outcomes, although a certain population specificity should be expected. A few of the food items were, however, quantified poorly, by the present FFQ, possibly dependent on i) low between-person variation in food intake, ii) misclassification of foods into food items by the dietician or by the subjects themselves or iii) a broad grouping of some of the food items. This is likely to limit the capacity of FFQ in assessing diet-disease relationships for these food items.
CONCLUSION
On the basis of results from the present study, we conclude that the short FFQ does quantify most food intakes at group level. The study further suggests that food intake has changed during the 6 years of follow up, and that the short FFQ used in the present study was responsive to these changes in food intake over time. Thus, the present FFQ may be used to monitor changes in food patterns at group level.
